Abstract--This paper presents • yield model for acoustic charge transport transversal filters. This model differs from previous IC yield models in that it does not assume that Individual failures of the nondestructive sensing taps necessarily cause • device failure. A redundancy in the number of taps included in the design is explained. Poisson statistics are used to describe the tap failures, weighted over • uniform defect density distribution. A representative design example is presented. The minimum number of taps needed to realize the filter is calculated, and tap weights for various numbers of redundant taps are calculated. The critical area for device failure is calculated for each level of redundancy. Yield is predicted for a range of defect densities and redundancies. To verify the model, a Monte Carlo simulation is performed on an equivalent circuit model of the device. The results of the yield model are then compared to the Monte Carlo simulation. Better than 95% agreement was obtained for the Poisson model with redundant taps ranging from 30% to 150% over the minimum.
I. INTRODUCTION
COUSTIC charge transport (ACT) devices are charge transfer devices similar to conventional charge coupled devices (CCD), except that the mechanism for localizing and transporting charge packets is an electric field induced in a piezoelectric material by a surface acoustic wave (SAW)
[1]. The basic operation of the ACT device consists of input sampling, charge transport, and output sensing. Since nondestructive sensing is used, multiple outputs can be summed at various locations along the transport channel. In this configuration, the device operates as a tapped delay line. Since it is fabricated using GaAs heterostructures, MESFET's and other devices can be easily fabricated on integrated circuits to provide tap weighting and amplification. If the weighted taps are summed on a common output bus, a programmable transversalfilter (PTF) structure is obtained [1] . A PTF block diagram is shown in Fig. 1 such as computer disk drive equalization and imaging, are also being investigated. Such high-volume applications will require significant improvements in the production yield. ACT device yield depends on many parameters. Material defects affect the yield in a global sense with both catastrophic and parametric failures. In addition to material defects, spot defects due to lithography faults cause additional catastrophic failures. Since material defects cannot be designed out, improvements in yield will be obtained only from careful control of the manufacturing process. Like material defects, yield can be improved through process control. However, because of the large die size (,-,1 cm 2, typically), additional improvements may be required for commercial feasibility.
In a previous paper, we presented an approach to improve yield, which is implemented in the design phase through the use of redundant circuits [7] . This paper expands upon this in several ways. The minimum number of taps to theoretically meet a filter are developed around a given redundancy factor. This factor is then included in the yield model, which is based on a 
If. ACT P'TF CIRcurr MODEL
The physical structure of a HACT device is shown schematically in Fig. 2 the output capacitance Co. The ACT-PTF output current io is given by
t=l where {g,,_) is the sample-averaged transconductance, Nt is the number of taps. t/o, is the input signal. T, is the sampling period, and si is the tap sign created by the differential amplifier. This is essentially the form of the impulse response of the transversal filter shown in Fig. 1 and all of these rely on multiplying the tap weight sequence by a function that descends to zero in a more gradual manner than the rectangular window. One of the more common window functions is the Kaiser window [9]:
for 0 < i < Nt, where lo is the modified Bessel function of the first kind, and _ is a shape parameter determined by the stopband ripple 6,
where
Thus we arrive at the formula for the tap weighting capacitors Ci:
where Ct is a fixed value such that Ct << Co. -10 log(61b2) -13
Nmi. = 14.6 AfT.
However, parasitic effects tend to dominate the fine-grain behavior to ACT-PTF's and reduce yield. For this mason, it is common to include a redundancy factor r, such that Nt = rNmi,, to provide for performance margin over the specified flatness, rejection, and transition bandwidth. Too many redundant taps, however, results in a larger die size, and hence a lower yield. We investigate herein a range of redundancy factors from r = 1.3, to r = 2.5. The lower bound of this range was empirically determined to be the minimum for the given specification. The upper bound was also determined empirically to be the highest feasible factor that could result in yield improvement.
This range results in the number of taps being extended from 29 to 71. The simulated nominal frequency response of this ACT-PTF is shown in Fig. 4 .
III. ACT-PTF YIELD MODEL DEVELOPMENT
This paper concentrates on ACT-PTF failures due to missing taps. This is a common failure dependent on a number of defects [5] . Photoresist defects can result in metal being missing from some portion of the tap. in addition to this, Table  I The redundancy of this filter is r : l._. 2) It is derived from first principles of statistical failure analysis (i.e., the limit of the binomial distribution for small average failure rates) [14].
01
3) It does not require a priori knowledge of empirically determined process parameters, other than defect density.
4) It is simple in form and easy to modify to account for redundancy.
The basic form of a Poisson model modified for redundancy is simply the cumulative
Poisson function calculated over some defect density distribution function:
where Ac is the critical area of the tap and weighting circuitry,
D is the defect density, and f(D)
is the defect density distribution function. The critical area is calculated for a beterojunction ACT device currently being fabricated at Georgia
Tech is shown in Fig. 6 . The width of the tap fingers is usually quite small (2 tim). However, since the defect size is not specified for this model, it is assumed that a defect occurring anywhere within one half acoustic wavelength (20/_m at the operating frequency) causes a tap failure. This is a conservative estimate, but this model could be refined if the distribution of 
In [7] , we investigated three defect density distribution functions: delta function, uniform, and triangular (see Fig. 7 ). These are given below in (9(a))-(9(c)), respectively: [_--_o2 0<D<D0
where Do is the average defect density of the given distribution. It was found that the uniform defect density distribution (90a)) provided the best fit to the yield as predicted by the Monte Carlo model. Substituting this into (6), we obtain an analytic yield model Yu,,,(Do)
It was also shown in [7] that the one redundancy model (m = 1) is in the best agreement with the expected yield. We calculated the yield model for a range of average defect densities Do for the m = I case. The results of these calculations are shown in Fig. 8(a)-(d) , along with the results from the Monte Carlo simulations discussed in the next section.
IV. MONTE CARLO ym_n SI_nJLA_ON
To establishthe validity of the one-redundancy Poisson models developed in the last section, a Monte Carlo yield analysis was performed on the ACT-PTF equivalent circuit model. Essentially, this involves calculating the frequency response a number of times with the tap capacitors weighted by a binomial random variable b E {0, 1 }, with a probability of failure p. Monte Carlo yield estimation is included in Libra. TM "rMLibra is available from EEsoL Inc., 6501 Lindero Canyon Rd., Westlake
Village. CA 91362. 
where c_ is an empirical weighting parameter, p is the expected value of b, and is related to the probability of tap failure p by p = I -p.When c_ is large (we used c_ = 100), the mapping causes the value of b to shift abruptly from 0 to 1 when a is in the vicinity of ,. Hence b is approximately binomial (b E {0, ! }).
The only parameter required for Monte Carlo yield simulation is the number of trials N. This was chosen by requiring a 99% probability of at least one tap failing for the lowest defect density. This is evaluated from the Poisson distribution in the following manner: P(y > 1) = 1 -P(y = 0) = 1 -exp(NAcD) = 0.99
To be conservative, this number was rounded up to N = 500.
The simulation results are shown in Fig. 8(a)-(d) .
The Monte
Carlo simulation for each defect density took approximately ! 5 min on a Sun Sparc 10 running Libra TM, version 3.5, sweeping 107 frequency points. The Libra TM Monte Carlo simulation is compared with the yield predicted by the Poisson model in Fig. 8(a)-(d) , and in tabular form in Table I1 . The error of the models is calculated as the absolute difference between the predicted and simulated yield. The average and maximum errors for each of the four cases is given in Table II1 . In is seen that the average error for all four redundancies is less than 5%, with maximum errors in the range of 8-1 i%.
It is apparent from the Monte Carlo simulation data shown in Table 11 that the maximum yield is obtained for a redundancy factor of r = 1.5. A simple calculation shows that the yield as predicted by (10) has a maximum at r = 0. Hence, we would expect that the best predicted yield would occur at better than 5%, and maximum errors of about 10%. In the prediction of the optimum redundancy, the Poisson model required the minimum redundancy, while the Monte Carlo simulations showed that the best yield over the range of defect densities considered occurs at a redundancy factor of 1.5. We attributed this discrepancy to the fact that the Poisson model neglects small parasitic effects, which can cause a specification deviation. The Monte Carlo model takes these into account, and thus requires some compensation in the form of redundant taps.
